The excited singlet state lifetimes of benzophenone vapour have been measured at shorter wavelengths than previous studies and with picosecond time resolution. Excitation was at a series of wavelengths from 313.5 nm to 284 nm, which gave $2(*) decay times of tens of picoseconds. We also report measurements of the polarisation anisotropy decay due to free rotation of excited state benzophenone. Time-dependent anisotropies calculated by both quantum mechanical and classical formulae are in good agreement with the experimental data and demonstrate benzophenone to behave as a rigid rotor. From the residual anisotropy, at long times, it is concluded that no rotation to vibrational energy transfer occurs during the excited state lifetime.
INTRODUCTION
Benzophenone has been the subject of many experimental studies, both in the gas phase and in solution. In solution the photophysics is governed by a rapid (8 30 ps-1) $1 --T intersystem crossing rate and almost complete lack of fluorescence from the nr* $1 state. In the isolated molecule limit, gas phase benzophenone has a long luminescence lifetime, of some hundreds of nanoseconds, and which depends upon excitation wavelength. Because of this long lifetime, the excited molecules can collide with the cell walls or drift out of the detection region unless special precautions are taken, and these effects have led to the observation of complex 2'3 and biexponential decay profiles. 4 The longest of these decays yielded lifetimes greatly in excess of the natural radiative lifetime of the state excited, and this was explained by extensive singlet-triplet mixing. 4 Naaman et al. 5 used an experimental arrangement which removed the possibility of wall collisions or drift out of the detector region. They generated an effusive beam of benzophenone, detected the emission by observing along and perpendicularly to the beam direction, and measured only single exponential decays when the benzophenone was isolated in its excited state. The $1 lifetimes measured varied with excitation energy from 470 ns at 337 nm to 690 ns at 367 nm, and a very large collision cross section was claimed to be responsible for the longer lifetimes previously reported. Besides the early work of Borisevich et Figure   3a .
RESULTS AND DISCUSSION
The absorption spectrum of benzophenone shows a broad and weak nr* transition centered at 350 nm and more intense and structureless absorption starting at about 300 nm and peaking at 255 nm which is due to :rr* transitions. Excitation into the net* state produces a long lived emission, which decays at a rate of 1.5 x 106 to 2.13 x 104 s-1, depending on excitation energy. 5 The radiative rate of this state as measured from the integrated absorption spectrum is 0.5 x 106 s -1. It has been suggested 5 that benzophenone is in the large molecule statistical limit, and that the increase in rate with excess energy in $1 is due to $1 -So internal conversion. Wall quenching and a very large collisional cross section for intersystem crossing were used to explain the observation of hot and then red shifted phosphorescence with a millisecond decay time. 3'5 The r:r* transitions have been analysed by Yoshino et 12 The benzophenone absorption spectrum is very congested, it is unknown which levels are being excited and thus it is unclear how to apply the Golden rule formula directly. The approach of Jacobson et al. 13 in treating high vibrational levels in substituted naphthalenes should be of more use. They show that the non-radiative rate depends on the ratio of the density of states times the square of the average interaction matrix element when many initial levels are excited. Using this approach, calculating the density of states using Raman and i.r. The data in Figure 3a shows given in the appendix. Interference between the cosine terms generates the initial oscillatory nature of the anisotropy near 0, reoccurrences may also occur at longer times. 16 Figure 4 shows transients calculated using Eq. (1).
As described above no transients attributable to rotational motion were observed in aniline or several naphthalenes for reasons that are unclear. The lack of fast signals could mean that rotational to vibrational coupling is fast, but we have excited both below and above the energies expected for the onset of IVR with similar results. Another possibility is that the pumping or ionising transition is easily saturated in these molecules where the signals are several hundred times greater than from benzophenones. In saturation the laser would excite most molecules in the cosine squared distribution about the direction of ,I,1ISN31NI laser polarisation; 21 this would produce a more isotropic distribution and remove the possibility of observing rotational motion.
Because our experiments were done at room temperature many J levels (430) need to be summed over in evaluating Eq. (1) 
